Cheese is one of the most fascinating, complex, and diverse foods enjoyed today. Three elements constitute the cheese ecosystem: ripening agents, consisting of enzymes and microorganisms; the composition of the fresh cheese; and the environmental conditions during aging. These factors determine and define not only the sensory quality of the final cheese product but also the vast diversity of cheeses produced worldwide.
INTRODUCTION
Cheese is one of the most complex, fascinating, and diverse foods enjoyed today. Certainly, the characteristics and activity of the specific starters and adjunct cultures selected for each variety contribute to the complexity and diversity of cheeses. In addition to the microbiological aspects, features contributing to the diversity and differentiation of cheese include the variability among fundamental processing and aging characteristics that influence both the chemical composition of the fresh cheese and its enzymatic potential during ripening. The fundamental cheesemaking factors include (i) method of coagulation used to transform the original cheesemaking milk into a gel or coagulum (e.g., acid versus rennet); (ii) acidification characteristics (both rate and time), from the point of setting the milk up through the manufacture of the young or fresh cheese, which define the mineralization level of the casein but also moisture loss; and (iii) additional steps during the cheesemaking process controlling moisture levels of the young cheese (e.g., cooking temperature and pressing and salting conditions). Also, in the case of ripened cheeses, it is important to consider the characteristics of the ripening conditions (temperature, relative humidity, and rates of O 2 , CO 2 , and NH 3 ) that ultimately influence the character and diversity of cheese microfloras.
The diversity and complexity of cheese varieties create difficulties with respect to classification and characterization of cheeses. Most of the classical classification systems are based exclusively on one of the following criteria: textural properties (firmness), milk type, coagulation method, cooking temperature, cheese composition, and characteristic ripening agent. However, few classification models are based on integrative approaches that show a more accurate picture of the diversity of cheese and the differentiation among the many varieties. Furthermore, an international assessment of the classification systems by families also indicates two major but different approaches, which in some cases can be a source of confusion. The "European" approach (mainly used in France and in southern Europe) uses the technological processes as the criteria for classification, while the "Anglo-Saxon" classification model is mainly based on textural properties (firmness). Later in this review, we discuss how the polarity between these two methods of classification associated with the linguistic factors can be a source of technical confusion regarding some cheeses.
The majority of the published literature addressing the classification and diversity of cheese is mainly based on European cheeses-such as French appellation d'origine contrôlée (AOC) cheeses-with very few data describing the innovative technologies or the rich diversity of American artisanal cheeses.
The goal of this review is to present an overview of comprehensive and practical integrative classification models in order to better describe cheese diversity and the fundamental differences within cheeses and connect fundamental technological, microbiological, chemical and sensory characteristics to contribute to an overall characterization of the main families of cheese, all while including the expanding world of American artisanal cheeses.
The review is organized into three main sections. The first section introduces different interdisciplinary classification models that will help to explain the diversity of cheese from a comprehensive and practical view. The second part offers a concise but practical characterization of the main families of cheese, including technical, chemical, microbiological, and sensory aspects. The last section presents and analyzes the categorization system used by the American Cheese Society (ACS; http://www.cheesesociety.org). The ACS is the most prestigious and influential cheese organization in the United States and provides an original and practical model to categorize the unique diversity of American cheeses.
TOWARDS A GLOBAL CLASSIFICATION SYSTEM
Multiple cheese classification models exist, and broad studies have previously analyzed the majority of the schemes developed to classify cheese varieties into meaningful groups of families (1, 2) . However, very few studies have analyzed and highlighted the interest in and importance of using a global approach for classification and characterization of different cheeses (3, 4) . In her work towards the global approach for the characterization of cheeses, Noël (3) introduces the classification of Lenoir et al. (5) as a model to achieve this purpose.
The classification proposed by Lenoir et al. (Fig. 1 ) shows how the diversity of French cheeses is mainly due to differences in three key processing steps (coagulation, draining, and ripening) that define the type of technology and major chemical characteristics of each cheese variety. These three key processing steps define the basis for the diversity and differentiation of cheeses but also indirectly influence each other. For instance, the type of coagulation used to coagulate the milk (e.g., lactic type versus enzymatic or rennet type) shapes the characteristics of the gel in terms of structure, firmness, and cohesion. To drain off the moisture from the resulting gel, specific techniques may include mechanical actions (e.g., cutting and stirring of the curds and pressing conditions) which may be more or less vigorous and intense and, as in the case of rennet-coagulated cheese varieties, also may include different cooking temperatures of the whey-and-curds mixture (e.g., uncooked if <40°C, semicooked if <50°C, and cooked if >50°C) to contribute to the expulsion of more water from the curds. The young, fresh cheese resulting from these steps will be more or less moist and indirectly more or less acidic and mineralized. Moisture and mineralization levels affect cheese size and aging ability of the product. Cheeses with a large format (rennet-coagulated and cooked varieties) have the lowest moisture and highest calcium contents and can be aged for several months or even years. In contrast, small acid-coagulated varieties are mainly consumed fresh and have high moisture levels (more than 70% water) and a very demineralized structure (only 0.2 to 0.5% calcium), associated with the levels of acidification at coagulation and draining ( Fig. 1 ). During ripening, the resulting young cheeses having different formats and physicochemical characteristics may have been modified by the action (or not) of molds (internal or external) or other microorganisms. Special applications during ripening lead to the development of a natural rind, including a more or less complex microflora consisting of yeasts, micrococci, and corynebacteria for smear rind cheeses or white molds (mainly Penicillium camemberti) for bloomy-rind cheeses, as well as, in some cases, the development of internal molds (mainly Penicillium roqueforti). During ripening in some varieties, a secondary fermentation (mainly by propionibacteria and heterofermentative lactobacilli from group II) could be induced in the interior of the mass, leading to the development of cheese with eyes (e.g., Emmental) versus cheese without eyes (e.g., Beaufort and Abondance).
As mentioned in the introduction, from an international perspective, some historical technological factors may be sources of confusion when defining some cheese varieties. This confusion applies particularly to the case of soft and semisoft cheeses. This is due to the fact that based on the French classification system, the terminol-ogy "soft cheese" is exclusively reserved for a type of cheese technology that does not involve any pressing activity (e.g., Camembert, Brie, and blue cheeses). Thus, while in the Anglo-Saxon model, soft and semisoft are used to describe cheeses having a more or less soft consistency, in the French model they represent two very different technologies: Camembert-type technology and "pressed-type technology" (6) . In regard to this issue, Nöel and Lefier (6) concluded that a translation of the French expression pâte molle as "soft cheese" is not very appropriate, and they proposed a dual classification model based on technological and textural criteria. In their dual model, soft but pressed cheese varieties, such as Reblochon and Vacherin Mont-d'Or, are classified as "Soft and Uncooked Pressed cheeses (<35°C)" (6) . Figure 1 Lenoir et al. (5) , showing the diversity of cheese technologies in France. The asterisks indicate terms added to the translation of the original diagram in French, to avoid technological confusion when translating the term pâte molle (literally meaning "soft cheese" but technically referring to a type of cheese technology that does not involve any pressing during the cheesemaking process). doi:10.1128/ microbiolspec.CM-0003-2012.f1
French version proposed by Lenoir et al. (5) , specifically for the family of soft and semisoft cheeses, in order to avoid possible sources of confusion between technical and translational information. The terms added to the figure to avoid technological confusion when translating the term pâte molle from the original scheme are noted with an asterisk.
In contrast, from a global perspective (outside the landscape of French cheeses), the classification of Lenoir et al. (5) presents a few technical challenges. First, the types of coagulation reflected in this classification do not contain the heat-acid form (since it is not relevant to French cheeses); thus, the model is not completely precise when cheese is considered in a generic manner. For a more comprehensive version of this classification, all forms of coagulation (acid, rennet or enzymatic, and acid-heat) must be considered. Second, when describing the nature of the cheesemaking raw material, the original classification model refers only to milk ( Fig. 1) , but a global classification should consider all of the primary raw materials used in cheesemaking (e.g., whey, cream, and colostrum). For instance, Almena et al. (7) created a modified version of the original model of Lenoir et al. (5) to classify the majority of the Spanish cheeses with the protected designation of origin status. This revised version of the original model represents a more comprehensive approach because it also integrates the nature of raw ingredients and the characteristics of the coagula- Fresh Lactic tion and main processing steps, as well as a more specific description of the textural properties of the cheese. Finally, in the original classification of Lenoir et al. (5) , there is no reference to the category of pasta filata cheeses. It would also be difficult to integrate into this model some lactic acid-coagulated cheeses that are aged for a short period (e.g., 1 to 3 weeks) but that experience important changes in the properties during aging, from microbiological aspects to the chemistry and sensory quality of the final product. Examples of this category include Chaource-style cheeses, as an example of a lactic bloomy-rind variety, and Époisses-style cheeses for the lactic washed-rind model.
The model of Lenoir et al. (5) can be expanded to create a more refined and inclusive classification scheme. A solid starting point of this exercise is presented in Fig. 2 . The initial part of the diagram (including "lactic," "mixed,"
and "enzymatic" curds) is comparable to the classification presented by Sperat-Czar and Mietton (8) , but in addition, this model includes the pasta filata cheeses along with additional information for some techniques, especially for blue cheeses. The second part of the diagram includes heat-coagulated varieties, as well as colostrum-, cream-, and whey-based cheeses, along with processed cheeses ( ASMscience.org/MicrobiolSpectrum and the classification system of Ottogalli (10, 11) , with special reference to microbiological criteria. Mietton (9) proposed a synthetic and versatile diagram to classify cheese based on the technological trajectory of the product in relation to the kinetics of acidification and drainage (moisture loss) of the curds during the complete cheesemaking process. The approach for the creation of this unique scheme and the specific details of this classification system are comprehensively discussed in previous works (12, 13) . The following section summarizes the modeling approach of Mietton et al. for the development of the main types of curds (lactic, enzymatic, and mixed) and his versatile diagram for cheese classification.
Mietton et al. (9, 12, 13) model the development of three major technologies of fabrication-lactic, mixed, and enzymatic curds-based on the kinetics of acidification and drainage during the cheesemaking process. The proposed model includes a diagram based on two axes. The vertical axis is associated with the decrease in pH during cheesemaking, mainly due to the acidification activity of the starter cultures, and the horizontal axis is associated with the draining of the curd in terms of moisture losses ( Fig. 3 ).
In the case of curds with a dominant lactic character (the path leading to the "lactic curd" in Fig. 3 ), the acidification precedes gel formation (with specific pH values depending on temperature conditions, starter activity, and whether small amounts of rennet are added), as well as whey expulsion or drainage of the coagulum. The strong permeability of the demineralized lactic gel allows some moisture loss under highly acidic conditions ( Fig. 3 ), but the final curd remains quite rich in moisture (moisture in the nonfat substances [MNFS] > 80%) and residual lactose. In an opposing scenario, for enzymatic curd formation ("enzymatic curd" in Fig. 3 ), first the gel is formed without previous acidification of the milk, and the drainage of the curds precedes the acidification. In this kind of technique, important whey expulsion from the curds occurs in the vat before the whey is drained off (associated with mechanical actions and hightemperature conditions of the whey-and-curds mixture), 
Mixed curd
H and acidification of the product occurs at the end of the process, while the product is in the hoops (Fig. 3) . The result is a well-drained curd with a high pH (5.15 to 5.35) but also a high buffering capacity (high calcium and phosphate) and very low or no residual lactose.
The pH at unhooping is strongly dependent on the intensity of the draining of the curds in the vat. The difference in pH between the two techniques is close to one pH unit. Most of the cheese technologies follow some kind of intermediate pattern (mixed curds) between these two extreme models, with some varieties close to the enzymatic model and others close to the lactic model ( Fig. 3) .
The specific patterns for the main cheese technologies are illustrated in Fig. 4 , which shows the technological cheese classification diagram of Mietton et al. (9, 12, 13) . This classification is based on the pattern of the kinetics of acidification and drainage explained in Fig. 3 , but it also considers how the intensity levels of acidification and moisture loss during the cheesemaking process correlate with key chemical indicators defining the cheese, such as moisture and calcium content ( Fig. 4) .
This comprehensive classification diagram shows the technological patterns for each of the major cheese families, like fresh varieties, different types of bloomyrind cheeses, pressed and uncooked cheeses, pressed and semicooked cheeses, and pressed and cooked cheeses, as well as their levels of mineralization (indirectly associated with the potential buffering capacity), moisture contents, and pHs at dehooping ( Fig. 4 ).
This synthetic diagram has practical applications, since if one knows the percent MNFS and percent calcium in nonfat solids (Ca/SNF) of the cheese, it is possible to evaluate quite precisely the following technological characteristics: (i) the pH of the cheese at dehooping, (ii) the kinetics of drainage that the curd followed during the cheesemaking process, and (iii) the pH at setting of the milk (before addition of the coagulant). Thus, this classification not only enables cheese classification but also identifies the technological parameters necessary for the cheesemaker to replicate it (13) . The main criticism of this model is that the data provided are based on cow's milk; thus, correctional modifications are needed for cheeses made from other milks. The last classification model presented is the scheme of Ottogalli (10, 11) , which is one of the most comprehensive and well-established classification systems used at the international level (2). Ottogalli's classification model (10, 11) is based primarily on microbiological criteria but also integrates technological, chemical, and sensory characteristics of different cheese varieties and dairy products (2). This model organizes cheeses into three major groups, named by the related Latin words. These groups are Lacticinia (milk-like), Formatica (shaped), and Miscellanea (miscellaneous). Each of the three groups is subdivided into one or more classes, with each class subdivided into different families. The Lacticinia group includes products that derive from milk, cream, whey, or buttermilk by coagulation with acid (with or without a heating step). The Formatica group contains rennetcoagulated cheeses, and the Miscellanea group is a heterogeneous collection of varieties and includes everything from processed, smoked, grated, and pickled cheeses to cheeses containing nondairy ingredients (e.g., fruit or spices) and cheese analogues, as well as cheese made using ultrafiltration technology (2).
An expanded version of Ottogalli's scheme is presented in Table 1 . This version uses Ottogalli's approach to classify specific artisan cheeses produced in Vermont for the purpose of testing and validating the original model. Aged cheese -Casein ± degraded -Fat ± modified -Lactose & lactates ± consumed with production of metabolites -Water
FIGURE 5
Cheese as an ecosystem model (9) . doi:10.1128/microbiolspec.CM-0003-2012.f5
TABLE 2
Principal physicochemical characteristics of fresh cheese (at unhooping) from three types of models described in Fig. 3 Table 1 within parentheses, and they included adding some new families and slightly modifying the description of some of the existing ones (Table 1) . For instance, in class B of the Formatica group, a sixth family was added to include the style "cheese curds" (Table 1) , mainly referring to the Cheddar cheese curds that are popular in Canada and the northeastern and midwestern United States. Also for class D in the Formatica group, the description of family 1 (white molded rind) was slightly modified. The original model referred only to white molded-rind cheeses made exclusively from cow's milk, but we added "may include cream and/or blend of milks" in order to include the varieties of triple cream and some Vermont bloomyrind cheeses made from blended milk (e.g., Champlain Triple and Sweet Emotion cheeses, among others). Also for the class D in the Formatica group, a fifth family was added to refer to "white-mold-ripened cheese coated with ashes" ( (Table 1) . It is important to note that in Table 1 , some cheeses, like fromage blanc or quark, are listed under the Formatica group (Table 1) , in contrast to the original classification, in which the cheeses with the same name are classified under the Lacticinia group (2). This is because for these technologies the product may be made with or without rennet, so varieties with the same name may be classified in these two groups depending on whether the final product includes rennet. This situation and other occurrences in which specific technologies may lead to cheeses being classified in more than one group have already been identified as a disadvantage of the original model (2). Table 1 , the Ottogalli scheme proved to be an efficient descriptive model to classify cheese. 
However, with the specific limitations indicated by McSweeney et al. (2) and the new changes included in

CHARACTERIZATION OF MAIN CHEESE TECHNOLOGIES
Characterization of cheese is a complex and multifaceted concept that can have different meanings depending of the context, the parts involved, and the final goal (4). Nonetheless, three major areas of application dominate: (i) to control and manage quality, (ii) to meet regulatory requirements, and (iii) to define the identity of the product. This section provides primary information on different interdisciplinary characteristics required for an understanding of the principles that govern the quality and final characteristics of the main cheese technologies.
In the case of ripened cheeses, the quality of the product is developed throughout the cheesemaking process (starting with the characteristics of the milk as a raw in-gredient) until the end of the ripening, as the result of multiple interactive and complex processes, including enzymatic, microbiological, and chemical reactions. Before we discuss the primary characteristics of the different cheese technologies, it is important to indicate that during ripening, a cheese can be considered a complex evolutional ecosystem, sometimes referred as a "bioreactor" (5, 9) .
The development of microbial and enzymatic activities in the cheese during ripening is strongly dependent on the chemical composition of the fresh cheese (after unhooping and/or salting, depending on specific type of technology), in addition to the environmental conditions during the ripening period. Figure 5 (9) shows how three groups of elements constitute the cheese ecosystem. The first one includes the ripening agents (enzymes and microorganisms), which by different specific activities modify the young cheese into the finished product at the end of ripening. The individual activity of the different ripening agents is determined by the "biotope" component, which can be subdivided into two entities: (i) the nature of the substrate (composition of the fresh cheese), which is the action point for the ripening agents, and (ii) the aging factors or environmental conditions during ripening (temperature, relative humidity, etc.) that modulate the biochemical reactions and which are at the same time also modified by the ripening agents ( Fig. 5 ). 
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Additional studies have also approached the different interactions between the principal factors that affect cheese quality, with a special focus on Cheddar (16, 17) .
From a technological view, the fresh cheese (product after unhooping) needs to be characterized by the appropriate biochemical descriptors in order to understand and control the development of the final product. The water activity (a w ), difficult to control in cheese, is well estimated by the MNFS and salt in moisture (SM).
The buffer capacity of the cheese can be simply correlated with the control of calcium in the nonfat-solid fraction (Ca/SNF). Finally, the content of residual sugars (lactose and galactose), as well as lactate and citrates, is also very important because it provides information on the fermentation ability (e.g., postacidification or secondary fermentations) of the product after unhooping (Fig. 5) .
Like the composition of the fresh cheese, the environmental conditions during ripening orientate the microbial development and enzymatic activities (Fig. 5 ). Control-ling the temperature and composition of the atmosphere (water vapor, O 2 , CO 2 , and NH 3 ) during ripening cycles and storage has an important role in the control of the product during ripening. The control or the study of the obligatory aging agents requires a precise control of both the composition of the fresh cheese and the conditions of the environment. Ripening cheese is like controlling a complex ecosystem; thus, any technical approach needs to be interpreted as an interrelated multifactor system. Based on our experience, qualitative irregularities observed on ripened cheeses are mainly associated with a lack of control of the composition of the cheese at unhooping and/or salting followed by the conditions of ripening and, finally, the ripening agents. Table 2 offers comparative generic data on the physicochemical characteristics of the fresh cheese at unhooping for the three models of technology (lactic, enzymatic, and mixed) presented in Fig. 3 . Additionally, Table 3 summarizes physicochemical and biochemical characteristics of a series of cheeses differing on the spectrum of lactic or enzymatic character, both at the unhooping stage (fresh cheese) and at the end of ripening.
In this table the main cheese quality indicators (MNFS, Ca/SNF, NaCl/moisture, etc.) are indicated in bold type. Table 3 shows that in terms of the characteristics of the fresh cheese, an increase in the enzy-matic character of the product results in the following changes:
• A decrease in the moisture content (MNFS) because of increases in the intensity of the technological factors controlling the drainage of the curd. A similar outcome results for the content of residual sugars, which are normally absent in pressed technologies associated with a drier product (and consequently fewer residual sugars available), and sometimes also the use of curd washing (removal of a part of the whey and its replacement with warmer water). In Reblochon cheese, curd washing is not practiced because it is not allowed by specific legislation (affecting AOC products); however, usually curd washing is an important factor for appropriate quality development of other varieties within the same family (pressed uncooked cheeses), like Gouda, Edam, Mimolette, and Gubbeen cheeses.
In the case of Cheddar, curds are strongly drained in the vat, but the presence of small amounts of residual sugars in the fresh cheese is due to the end of acidification at pH 5.20 to 5.25 (associated with salting of the curd) before its complete consumption by the starter cultures.
• At the opposite extreme, the mineralization (Ca/ SNF) of the cheese increases with pH (Table 3) , because in enzymatic technologies the drainage of the curd precedes the acidification (Fig. 3 ). • Finally, the lactate content is lower in lactic cheeses because the majority is lost during the draining process along with the colloidal calcium and phosphorus (acidification precedes draining). For the rest of technologies the lactate content is higher and practically equivalent ( Table 3 ). Only the level of curd washing (for pressed cheese) or the diafiltration (for unpressed and pressed cheeses) allows control of lactate levels.
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cooked cheese technologies (soft surface-ripened and blue cheeses) are summarized in Table 4 . Additionally, Table 5 presents a practical interdisciplinary system to classify the different types of blue cheeses. Table 6 summarizes the main characteristics of pressed uncooked cheeses, which is one of the largest cheese families, because, as shown in Fig. 6 , this type of technology includes cheeses with a large variety of compositional, microbiological, and mechanical characteristics. Finally, Table 7 summarizes the primary characteristics of major cheese styles for both the pressed cooked and semicooked technologies, and Fig. 7 is a schematic classification of pasta filata cheeses, including technological and compositional characteristics.
In the case of ripened cheeses, a more or less important variability is observed among values for cheeses of the same family or even the same product. The specific conditions during ripening (temperature, relative hu-midity, and gas content [O 2 , CO 2 , and NH 3 ]), in addition to special applications during this period (e.g., salting intensity), make it possible that total weight loss and the catabolism during ripening may be strongly modified.
• In general, the increase in pH during ripening is lower for cheeses with an enzymatic character because of their higher buffer capacity. For instance, in the case of some lactic soft cheeses, the pH increases from 4.3 to 4.4 at unhooping to 7.0 to 7.5 at the end of ripening, while for pressed cooked cheeses, the pH increases from 5.20 to 5.30 to 5.40 to 5.80 (Table 3 ). • In practically all of the ripened cheeses, residual sugars are absent because they are metabolized during ripening by different floras (lactic acid bacteria, molds, yeasts, etc.). However, the residual lactate contents are very different among families, as well as sometimes among samples of the same type of product. The differences are associated with the specific activities of molds and yeasts in the case of some soft and blue cheeses and with the activity of propionic bacteria and sometimes of butyric bacteria in the case of pressed uncooked and cooked cheeses. • As in the case of the lactates, important differences in proteolysis exist ( Table 3 ). The level of primary proteolysis (soluble nitrogen /total nitrogen) is high (50 to 80%), especially in the case of some soft surface-ripened cheeses (like bloomy-rind and washed-rind varieties) and traditional blue cheeses, and low to moderate (15 to 35%) in the pressed uncooked and cooked cheeses. The primary proteolytic agents are very different depending on the type of cheese. For instance, the coagulant is responsible for 30 to 40% of the primary proteolysis in unpressed uncooked cheeses (soft surfaceripened and blue styles) and for 45 to 55% of the primary proteolysis in pressed uncooked cheeses, and it has no effect on the proteolysis of the cooked varieties due to the inactivation of the rennet by the heating temperatures. Lactic acid bacteria are responsible for 15 to 20% of the primary proteolysis of unpressed uncooked cheeses, for 45 to 55% of that in pressed uncooked cheeses, and for 70 to 80% of that in cooked cheeses. Molds are responsible for 25 to 30% of the primary proteolysis in bloomy-rind cheese and for more than 50% in the blue cheeses. • The levels of secondary proteolysis in relation to the primary proteolysis are also very different within cheeses and are very dependent on the ripening conditions, specifically the cycle of temperature. For instance, ripening cycles in colder temperatures slow down proteolytic activity (both primary and secondary proteolysis), but this temperature effect is much less significant for secondary proteolysis.
As a result, ripening cheese in colder cycles takes longer, but the resulting product has more intense and complex flavors than those aged at higher temperatures.
• Finally, salt levels (SM) are also very variable among different cheeses and sometimes even within the same varieties (Table 3 ). Controlling salting intensity and other associated characteristics like type and time of salting during the process (e.g., salting the milk like in Domiati and Arzúa-Ulloa cheeses versus salting the curds like in Cheddar or salting of the product after hooping-using either brine or dry salting techniques-and/or during ripening), the cheesemaker orients the ecosystem towards the development and activity of specific types of floras. Controlling salting conditions also limits the development of undesirable bacteria (alteration flora) and, in some cases, pathogenic floras. Figure 8 summarizes the effects of NaCl and a w on microbial development using different examples of floras and microorganisms.
In this section, we have discussed how different cheese technologies differ in specific technical characteristics that shape the physicochemical composition of the base (pH, MNFS, Ca/SNF, and SM) of the fresh cheese (before unhooping) and define the specific ripening agents that over time interact and degrade the original basic structure, to ultimately determine and define the sensory quality of the final product.
The figures below show the sensory profiles of a series of cheeses representing the major cheese technologies discussed previously (unpressed uncooked [such as soft surface-ripened and blue cheeses], pressed uncooked, pressed semicooked, and pressed cooked cheeses) and compare these using cheeses from different origins (France and the United States). Figures 9 and 10 show the profiles of different unpressed uncooked cheese technologies (including bloomy-rind, washed-rind, and blue cheeses). Figure 11 shows the profiles of two sheep's milk cheeses from the pressed uncooked family, one made in the United States (Vermont Shepherd) and the other made in France (Ossau-Iraty), both from raw milk. Figure 12 summarizes the characteristics of two pressed and cooked cheese varieties made from raw milk, Comté cheese from France (Jura) and Pleasant Ridge Reserve from the Uplands Cheese Company in Wisconsin, both at two different ages. The overall data contained in the sensory figures show how each cheese family shares some generic organoleptic characteristics in terms of texture and flavor. However, each cheese also has a unique signature sensory profile, which along with the generic aspects of the corresponding variety is also the result of multiple other defining factors, including the characteristics of the milk used for cheesemaking, the cheesemaker's savoir faire, and ripening and packaging conditions.
AN EXAMPLE OF A FUNCTIONAL CATEGORIZATION OF CHEESES: THE ACS MODEL
This section describes the categorization model that the ACS uses in its judging and competitions, as an example of a functional and dynamic classification system. Among those entries, 354 ribbons were awarded in 108 categories (including the butter and cultured milk product categories). Figure 13 describes a recent model of the different categories and subcategories for the ACS competition system (2012 version). The main characteristics of the ACS categorization model are as follows.
1.
The system is the result of a functional genuine association of different traditional classification criteria (e.g., milk type, chemical composition, aging characteristics, sensory properties, etc.), along with the special recognition of specific production aspects (e.g., the farmstead category refers to cheeses produced using milk from herds on the farm where the cheese is made, along with the other production characteristics listed in Fig. 13 ) and the special consideration of major specific cheese styles and varieties produced in the United States (e.g., Hispanic and Portuguese style, Cheddar, and feta categories) and also the recognition of the creativity and skills of American cheesemakers (e.g., the category American originals). FIGURE 13 Categories and subcategories for the ACS competition system. Categories Q (cultured milk products) and R (butter) are not shown. doi:10.1128/microbiolspec.CM-0003-2012.f13 Figure 13 continues on next page overall a well-defined categorization system. One of the most popular subdivision tools in the ACS model is the open category, along with the systematic subdivisions based on the type of milk (Fig. 13 ). It is important to mention that with this model, "open"
is not for just any cheese that fits into the major category. It is for cheeses that fit into a major category (A, B, C, etc.) but are not specified in a subcategory. A good example of this is cheese curds, because there is no specific category or subcategory for them and they cannot compete as Cheddar (they are not aged), nor are they American originals. Thus, until they have their own designation, they belong in open category AC, AG, or AS because they are fresh unripened cheeses. Figure 14 summarizes the percentages of entries for the 20 ACS cheese categories (butter and cultured milk product categories and corresponding data are not shown), based on average data from 2005 to 2010, as well as single data from 2010. The data are percentages for each cheese category in relation to the corresponding number of total entries for each data set. Figure 14 shows that the ACS categories Cheddars, soft ripened, fresh goat's milk cheeses, farmstead, American originals, and American made-international style are the most popular, representing approximately 50% of the total entries (52.7%, on average, from 2005 through 2010 and 51% for 2010). For the last 5 years, the Cheddar category always had the highest number of entries (approximately 10% of the total number). However, the specific ranking of the other five categories was slightly different depending on the specific yearly data (Fig. 14) . For instance, the fresh goat's milk category scored third for the average data for 2005 to 2010, but it scored second using the data of 2010 alone (Fig. 14) . Analysis of ACS data from the last years (ACS, 2011) indicates that among the Cheddars, the most popular varieties are the cheeses aged less than 12 months (category EC) and those aged between 12 and 24 months (category EA), as well as Cheddars with sweet flavorings such as fruits, seasonings, herbs, etc. (category EF) and Cheddar wrapped in cloth and aged up to 12 months (category EW).
Interestingly, even if the top main ACS cheese categories remain quite consistent over recent years (Fig. 14) , the data show that there are significant differences for the growing trend of the categories. This fact is well presented in Fig. 15 , which shows the variability in growth for each ACS cheese category between 2005 and 2010. In 2010, for the first time in the ACS competition, the percentage of entries in the Cheddar category decreased ( Fig. 15 ). Other major ACS categories also decreasing between 2010 and 2005 were soft ripened, American originals, and farmstead (Fig. 15 ). However, the other two main categories, fresh goat's milk cheeses and American made-international style, significantly increased (Fig. 15 ), along with other categories such as smoked, Italian-type, and blue cheeses. From a technical point of view, it will be interesting to look at the ACS system in the next decade to reevaluate the categorization system as well as the trends of each of its categories, in order to better understand the evolution and diversity of American cheeses, to which microbes and the actions of their enzymes are important contributors.
N. Fresh Goat's Milk Cheeses
CONCLUSION
The first section of this review represents a guide of comprehensive cheese classification models, each of them with a dominant dimension and indirectly different application. The model of Lenoir et al. (5) and the diagram proposed in Fig. 2 embody a didactic component, while the work of Mietton et al. (9, 13 ) offers a practical approach and Ottogalli's system (10, 11) a more descriptive dimension. Nevertheless, all of these models complement one another and contribute to the classifi-cation and understanding of the complexity and diversity of cheese.
The second part summarizes the basic principles that define the essence of each of the main cheese technologies, while reinforcing the importance of the characterization of the young cheese or fresh product (before unhooping and/or salting, depending on the technology) in terms of pH, mineralization level, SM, and MNFS to the formation of the quality of the final product. These physicochemical parameters are directly the result of the cheesemaking conditions and the milk as the raw ingredient, and they are especially important for ripened cheeses because they define the settings for the development and activity of the ripening flora and the specific enzymes during the ripening process, which ultimately have a critical role in the sensory quality and shelf life of the final product. The importance of additional factors like ripening conditions and packaging is also indicated but not specifically discussed. The information presented FIGURE 14 Relevance of the different ACS cheese categories, based on average data from 2005 to 2010, as well as data from 2010 alone. doi:10.1128/microbiolspec.CM-0003-2012.f14
does not pretend to be a comprehensive technical resource for each cheese family, but rather, it is a generic guide to understand and define the main differences among technologies and the principles that govern the diversity of cheese.
The final section summarizes recent changes in the types of cheese being produced in North America. At the same time, it provides insight into the question of future trends of the cheesemaking industry, specifically artisanal and raw milk cheese varieties, whose breadth and diversity are an important product of microbial activity.
